INTRODUCTION
Transition metal complexes of a few thiohydrazides and their N-substituted derivatives have been reported/1-6/. Hydrazones derived from the condensation of isonicotinic acid hydrazide(INH) with pyridine aldehydes were found to possess better antitubercular activity than INH/7/, and this was attributed to their metal chelating abilities/8-12/. Recently it was confirmed that INH forms ,a lipid-soluble copper chelate which facilitates cell internalization and it has been approved as a first line antitubercular compound used in DOT programme advocated by WHO/13,14/. Pyridine-2-and -4-carboxaldehyde isonicotinoyl hydrazones (HL) form complexes of the type M(HL)CI2. The ligands and their Co(ll),Ni(ll) and Zn(ll) complexes were found to display significant antibactrial activity/15/. Cu(ll) complex of N-salicyloyl-N'-2-furanthiocarbonyl hydrazine (Hzsfth) was found to have square planar geometry around Cu(II). The ligand, Hzsfth, showed better antitumor activity than its Cu(ll) complex/16/. The metal complexes of 4-hydroxyphenyl thiocarboxy hydrazide and N-salicyloyl-N'-p-hydroxybenzthioyl hydrazine were found to be potent antiviral, antifungal, antibacterial and antitumor agents /17,18/. In view of the fact that both isonicotinoyl and thiosalicyloyl groups were reported to display various biological activities such as antibacterial and antitumor, it appeared worthwhile to synthesize, characterize and study the antitumor and immunomodulatory effect of Nisonicotinoyl-N'-o-hydroxythiobenhydrazide [(4-CsH4N)C(O)NHNHC(S)2-(HO)C6H4] and its 3d metal complexes.
RESULTS AND DISCUSSION
The analytical data (Table 1) correspond to the 1:1 metal-to-ligand stoichiometry and the complexes are coloured. The metal(If) complexes were formed by loss of two protons from the ligand and metal (III) complexes by loss of one additional proton from the hydroxy group of the salicyloyl moiety. Mn(II) complex could not be isolated because it is unstable, but after some time due to aerial oxidation of Mn(II) to Mn(III), the colour of the solution changed from wine red to maroon from which the solid Mn(IIl) complex could be isolated by the addition of acetonitrile. The water molecules are lost on heating the complexes at 120-150C, suggesting the coordinate nature of these molecules. Because of steric considerations, all four potential sites cannot be attached to a single metal and therefore, the Although the metal complexes showed cytostatic effects on the tumor cells in vitro, these results do not necessarily indicate if these cells are actually killed by the direct action of the metal complexes. To check this, in the next part of the investigation we studied the effect of the metal complexes on the tumor cell killing with respect to the mode of cell death. Cisplatin has been reported to induce apoptotic cell death in the tumor cells/24,25/, it was observed that the tumor cells were killed by the induction of apoptosis (Fig. 3a) .
[Cu(lotbh)] was tbund to be most effective in the induction of tumor cell apoptosis. The mechanism of the induction of apoptosis remains poorly understood and is thought to be dependent on multiple mechanism(s) ultimately culminating in the activation of DNA cleaving endonucleases /24,26/. As shown in Fig. 3b , [Cu(lotbh)] and [Fe(lotbh-H)(H20)2] cause an increase in % specific DNA fragmentation" it is probable that these metal complexes may act via the activation of endonucleases to kill the tumor cells by inducing apoptotic cell death.
Furthermore, the metal complexes at the concentration checked did not inhibit the growth of normal splenocyte and bone marrow cells (data not shown), which comprise a major proportion of proliferating cells indicating that the cytostatic effect of the metal complexes was limited to the tumor phenotype and not on all proliferating cells. The killing of tumor cells specifically could be attributed to the susceptibility of tumor cell DNA to a damage by metal complexes as compared to the normal cells. Indeed, in the case ofcisplatin it has been shown that the tumor cells are killed specifically because they are unable to overcome the genetic load of mutations caused by the drug because of their defective DNA repair mechanism/27/.
In the next part of the investigation we checked the life prolonging effect in DL bearing mice administered with PBS (phosphate buffer saline) alone or containing the ligand or metal complexes as indicated in the experimental section. As shown in Table 3 minimal % T/C was observed in mice administered with the ligand alone as compared to that of mice administered with metal complexes. Fig. 4a , administration of metal complexes in tumor bearing mice resulted in the inhibition of tumor associated apoptosis of thymocyte, splenocyte and bone marrow cells. Similar results were obtained for % DNA fragmentation as well (Fig. 4b) . The reversal of tumor growth associated induction of apoptosis of hematopoietic cells by metal complexes is predicted to be due to two reasons: 1. reduction of tumor load resulting due to the cytotoxic effect of metal complexes on tumor cells, leading to a decrease in the tumor associated concentration of apoptotic factors. 2. direct protective effect of metal complexes on the hematopoietic ceils. Although not very clear, the probability of the latter could be due to the fact that metal complexes can bind to DNA and several proteins in cells, which could result in the protective effect. 
EXPERIMENTAL Physical measurements
The complexes were analysed for their metal and sulfur contents as described elsewhere/34/. Carbon, hydrogen and nitrogen contents were estimated on a Perkin-Elmer 240C microanalyzer. The infrared spectra of the ligand and its complexes were recorded on a JASCO FT/IR-5300 spectrophotometer in KBr in the 4000-400 cm 1 region. The electronic spectra were recorded on a Cary-2390 UV-Visible spectrophotometer in DMSO solution and as Nujol mulls /3 5/. Room temperature magnetic susceptibility measurements were made on a Cahn Faraday electrobalance using cobalt mercury tetrathiocyanate as a calibrant and the experimental magnetic susceptibilities were corrected for diamagnetism by using the procedure of Figgis and Lewis /36/. The MOssbauer spectra were collected using a Cryophysics MS-1 microprocessor controlled spectrometer operating in the constant acceleration mode.
Antitumor screening
Mice Inbred populations of BALB/c mice of either sex of 8-12 weeks were used for the study. The mice were fed food and water ad libitum under pathogen-free conditions and were treated with utmost human care.
Tumor Systems
Dalton's Lymphoma (a spontaneous murine T cell lymphoma) were maintained in culture in vitro as well as in ascites by serial transplantation in BALB/c mice by an intraperitoneal injection of 5 105 cell/mouse.
Thymocyte preparation and culture Thymuses obtained from normal and tumor bearing mice with or without administration of the DMSO solutions of the complexes were weighed on a chilled watch glass, diced on ice and passed through a stainless steel screen using a syringe plunger. These cells, after washing with phosphate buffered saline (PBS) by centrifugation at 200g for 10 rain at 4 C, were used directly for thymocyte counts. Cell viability in the thymocyte preparation was determined by mixing 10 mL sample with an equal volume of 0.4% trypan VoL I, Nos. [3] [4] 2003 
Splenocyte Preparation and Culture
Spleens obtained from normal and tumor bearing mice with or without administration of complexes were weighed on a chilled watch glass, diced on ice and passed through a stainless steel screen using a syringe plunger. These cells were washed with phosphate buffered saline (PBS) by centrifugation at 200x g for 10 min at 4C, and erythrocytes were then depleted by treatment with 0.84% ammonium chloride for 10 min at room temperature. Cells were again washed in PBS and then cultured in a humidified atmosphere at 5% CO2, to remove adherent cells. Non-adherent cells were collected and used for assay.
Bone Marrow Cell Preparation and Culture
Bone marrow cells (BMC) were obtained from the femurs of normal and tumor bearing mice with or without administration of complexes, as described elsewhere /38/. Briefly, mice were killed by cervical dislocation and the BMC were obtained from the femoral shafts by flushing them with serum-free medium. BMC were then agitated gently to prepare a single cell suspension and then washed thrice with serum-free medium by centrifugation at 200x g at 4 C. BMC were then incubated in plastic tissue culture flask for 2 h at 37 C to remove the adherent macrophage. The non-adherent BMC were then used for proliferation.
Proliferation assay
Different cells obtained from normal or tumor bearing mice treated with or without complexes were incubated at a concentration of 1.5 x 106 cells per well in a 96 well plastic tissue culture plate with medium containing sub-mitogenic doses of concanavalin-A (1 lag/mL). Cultures were then incubated at 37 C in a COz incubator for 48h and assayed for proliferation and growth inhibition using MTT assay.
In vitro growth inhibitory assay
The MTT assay was used to measure the cytotoxic effect of the ligand and the complexes. The procedures employed the pale yellow tetrazolium salt [3-(4,5- o-hydroxybenzaldehyde (21mL-25g) in 60 mL of ethanol was heated to 65 C and 135 mL of the filtered ammonium polysulfide solution was added in l0 mL portions during 10 min., keeping the temperature at 65C. The reaction mixture was boiled to reflux for h, immediately cooled in ice, 200 mL of ether was added and the solution was acidified with conc. HCI. The dithioacid that separated as red oil was filtered through suction to remove the precipitated sulfur. The filtrate was transferred into a separating funnel, 100 mL of ether was also added and the ethereal layer containing the dithioacid was separated and washed with cold distilled water. The red coloured sodium salt of the dithioacid was extracted by shaking the ethereal solution of the dithioacid twice with aqueous NaOH solution(8g in 100 mL). 
